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ABSTRACT 
Pork consumption is prohibited in some religions. Therefore, religious people 
are adamant about importing processed food, which may contain or has been 
contaminated with pork or swine-derived products. In Sudan, no reliable assays exist 
for detecting the presence of pork in processed food. Currently, regulatory officials 
rely on a paper trail for this verification. To address the void in scientific regulatory 
monitoring, a means of a reliable, rapid, sensitive and specific method for detection 
of pork in processed food is urgently needed.  
Thirty eight blood samples were collected from ear-veins from both male and 
female pigs of different ages in heparinized vacutainers. The pigs were located in two 
different farms in Western Omdurman Area and Nile East, Khartoum, Sudan.  The 
swine mitochondrial cytochrome-b (mtcyt-b) gene was used as a target DNA for PCR 
amplification.  Using a pair of primers (PSLI and PSR4), the PCR assay produced a 
361 bp PCR product from DNA extracted from blood samples of pigs.  Application of 
PCR assay to DNA samples extracted from other animal species including, sheep, 
goat, cattle, camel, horse, donkeys, chicken and fish did not amplify the expected 361 
bp PCR product.  The PCR detected as little as 100 fg of swine DNA (equivalent to 
1000 copis) as determined by DNA concentration and number of copies mtcyt-b 
DNA, extracted from whole blood sample obtained from pigs. 
 The PCR assay provides a simple, rapid and reliable method for detection and 
identification of fresh, marinated or cocked pork in processed food produced for 
 vii
human consumption. In addition, this PCR assay should support future policies 
regarding import regulations for food industry. 
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 ﻤﻠﺨﺹ ﺍﻟﺒﺤﺙ
ﺘﻌﺘﺒﺭ ﻤﺸﺘﻘﺎﺕ ﺍﻟﺨﻨﺯﻴﺭ ﻤﻥ ﺍﻟﻤﻭﺍﺩ  ﺍﻟﻤﺤﺭﻤﺔ ﻓﻲ ﺒﻌﺽ ﺍﻷﺩﻴﺎﻥ ، ﻟﺫﻟﻙ ﻴﻬﺘﻡ ﺭﺠﺎل ﺍﻟﺩﻴﻥ ﻜﺜﻴﺭﺍﹰ ﺒـﺎﻟﻤﻭﺍﺩ 
  . ﺭﺒﻤﺎ ﺘﺤﺘﻭﻱ ﻋﻠﻲ ﻤﺸﺘﻘﺎﺕ ﺍﻟﺨﻨﺯﻴﺭﻷﻨﻬﺎﺍﻟﻐﺫﺍﺌﻴﺔ ﺍﻟﻤﺴﺘﻭﺭﺩﺓ 
ﺔ ﻓﻲ ﺍﻟﺴﻭﺩﺍﻥ ﻻ ﺘﻭﺠﺩ ﺠﻬﺔ ﻤﻌﺘﻤﺩﺓ ﻴﻤﻜﻥ ﻟﻬﺎ  ﺍﻟﺘﺤﻘﻕ ﻤﻥ ﻭﺠﻭﺩ ﻤﺸﺘﻘﺎﺕ ﺍﻟﺨﻨﺯﻴﺭ ﻓﻲ ﺍﻟﻤﻭﺍﺩ ﺍﻟﻐﺫﺍﺌﻴـﺔ ﺍﻟﻤﻌﻠﺒ  ـ
ﻻ ﺘﻭﺠـﺩ " ﺍﻟﻤﺴﺘﻭﺭﺩﺓ ﻤﻥ ﺍﻟﺨﺎﺭﺝ ﻭﺘﻜﺘﻔﻲ ﺍﻟﺠﻬﺎﺕ ﺍﻟﻤﺴﺌﻭﻟﺔ ﺒﺎﻟﻤﻠﺼﻘﺎﺕ ﻋﻠﻲ ﺍﻟﻌﺒﻭﺍﺕ ﺍﻟﺘـﻲ ﺘﺤﻤـل ﻋﺒـﺎﺭﺓ 
 ﻭﺴـﺭﻴﻌﺔ ﻤﻭﺜﻘﺔ ﺍﻟﺤﺼﻭل ﻋﻠﻲ ﻁﺭﻴﻘﺔ ﻋﻠﻤﻴﺔ ﻭ ﺇﻟﻲﻓﻠﺫﻟﻙ ﺒﺭﺯﺕ ﺍﻟﺤﺎﺠﺔ "  ﻋﻠﻲ ﻫﺫﺍ ﺍﻟﻤﻨﺘﺞ ﺨﻨﺯﻴﺭﻴﻪﻤﺸﺘﻘﺎﺕ 
  .ﺠﺔ ﻟﻬﺎ ﻤﻬﻤﺔ ﻟﻠﻐﺎﻴﺔ ﻭﺤﺴﺎﺴﺔ ﻟﻠﻜﺸﻑ ﻋﻥ ﻭﺠﻭﺩ ﺍﻟﻤﺸﺘﻘﺎﺕ ﺍﻟﺨﻨﺯﻴﺭﻴﺔ ﻓﻲ ﺍﻟﻤﻨﺘﺠﺎﺕ ﺍﻟﻐﺫﺍﺌﻴﺔ ﻭ ﺘﻅل ﺍﻟﺤﺎ
ﻫـﻭ ﺍﻟﺠـﻴﻥ . ﺍ. ﻥ.ل ﻤﻨـﻪ ﻋﻠـﻲ ﺤـﺎﻤﺽ ﺩ ـﻴﻌﺘﺒﺭ ﺍﻟﺠﻴﻥ ﺍﻟﻤﻭﺠﻭﺩ ﻓﻲ ﺍﻟﻤﻴﺘﻭﻜﻭﻨﺩﻴﺎ ﻭﺍﻟﺫﻱ ﻴﺘﺤﺼ   
  .ﻭ ﻴﺴﺘﺨﻠﺹ ﻤﻥ ﺩﻡ ﺍﻟﺨﻨﺯﻴﺭ  ﺍﻟﻤﺴﺘﻬﺩﻑ ﻋﺒﺭ ﺘﻘﻨﻴﺔ ﺘﻜﺒﻴﺭ ﺍﻟﺤﻤﺽ ﺍﻟﻨﻭﻭﻱ ،
ﺇﺫ ﺘﻌﺘﺒﺭ ﺘﻘﻨﻴﺔ ﺘﻜﺒﻴﺭ ﺍﻟﺤﻤﺽ ﺍﻟﻨﻭﻭﻱ ﻤﻥ ﺍﻟﻁﺭﻕ ﺍﻟﺒﺴﻴﻁﺔ ﻭﺍﻟﺴﺭﻴﻌﺔ ﻭ ﺍﻟﻤﻌﺘﻤﺩﺓ ﻟﻠﻜﺸﻑ ﻋﻥ ﻤـﺸﺘﻘﺎﺕ 
 ﺃﻥ ﻫـﺫﻩ ﺍﻟﺘﻘﻨﻴـﺔ ﺇﻟﻲ ﺒﺎﻹﻀﺎﻓﺔ ﺍﻟﺒﺸﺭﻱ ﻟﻼﺴﺘﻬﻼﻙﺨﻨﺯﻴﺭ ﻓﻲ ﺍﻟﻤﻭﺍﺩ ﺍﻟﻐﺫﺍﺌﻴﺔ ﺍﻟﻤﻌﻠﺒﺔ ﻭﺍﻟﻁﺎﺯﺠﺔ ﻭ ﺍﻟﻤﻁﺒﻭﺨﺔ ﺍﻟ
   . ﺍﻟﻤﻭﺍﺩ ﺍﻟﻐﺫﺍﺌﻴﺔﺒﺎﺴﺘﻴﺭﺍﺩﺴﻭﻑ ﺘﺩﻋﻡ ﻤﺴﺘﻘﺒﻼﹰ ﺍﻟﺴﻴﺎﺴﺎﺕ ﻭ ﺍﻟﻀﻭﺍﺒﻁ ﺍﻟﺨﺎﺼﺔ 
ﺎﺕ ﺃﻤﺎ ﻓﻴﻤﺎ ﻴﺨﺘﺹ ﺒﻬﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﻓﻘﺩ ﺘﻤﺕ ﺯﻴﺎﺭﺓ ﻟﻌﺩﺓ ﻤﺯﺍﺭﻉ ﻟﻠﺨﻨﺎﺯﻴﺭ ﺒﻭﻻﻴﺔ ﺍﻟﺨﺭﻁﻭﻡ ﻭﺘﻡ ﺃﺨﺫ ﻋﻴﻨ  ـ
  ANDﻭﺘﻤﺕ ﻤﻌﺎﻟﺠﺘﻬﺎ ﻭﺍﺴﺘﺨﻠﺹ ﻤﻨﻬﺎ ﺍﻟﺤـﺎﻤﺽ ﺍﻟﻨـﻭﻭﻱ . ﻤﻥ ﺍﻟﺩﻡ ﻤﻥ ﺴﻼﻻﺕ ﻤﺨﺘﻠﻔﺔ ﻓﻲ ﻤﻨﺎﻁﻕ ﻤﺨﺘﻠﻔﺔ
 ﻁﺭﻴﻘﺔ ﺍﻟﻔﻴﻨﻭل ﻭﻁﺭﻴﻘﺔ ﺃﺩﻭﺍﺕ ﺍﻟﺘﺤﻠﻴل ﻭﺘﻌﺘﺒﺭ ﻁﺭﻴﻘﺔ ﺃﺩﻭﺍﺕ ﺍﻟﺘﺤﻠﻴل ﻫﻲ ﻤﻥ ﺃﻨﺠﻊ -:ﺒﻭﺍﺴﻁﺔ ﻁﺭﻴﻘﺘﻴﻥ ﻭﻫﻲ 
 163ﺍﻟﺤﻤﺽ ﺍﻟﻨـﻭﻭﻱ ﻓﻨـﺘﺞ ﺍﻟﻁﺭﻕ ﻭﺃﺴﺭﻋﻬﺎ ﻭﻜﺎﻨﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺍﻴﺠﺎﺒﻴﺔ ﻤﻥ ﺍﻟﻌﻴﻨﺎﺕ ﺍﻟﺘﻲ ﺃﺨﺫﺕ ﺤﻴﺙ ﺘﻡ ﺘﻜﺒﻴﺭ 
  .  ﺍﻟﻤﻘﺘﺩﺭﺓ ﻟﺨﻠﻴﺔﺍﺯﻭﺝ  ﻗﺎﻋﺩﻱ ﻤﻥ ﺍﻷﺤﻤﺎﺽ ﺍﻟﻨﻭﻭﻴﺔ ﻟﻠﺨﻨﺯﻴﺭ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺒﺎﺩﺌﺎﺕ ﻤﻥ ﺠﻴﻥ 
 ﺍﻟﻤﺴﺘﺨﻠﺹ ﻤﻥ ﺍﻷﻏﻨـﺎﻡ ANDﻜﻤﺎ ﺃﺸﺎﺭﺕ ﺍﻟﺩﺭﺍﺴﺎﺕ ﺍﻟﻤﺘﻌﻠﻘﺔ ﺒﺎﻟﺨﺼﻭﺼﻴﺔ ﺇﻟﻰ ﺃﻥ ﺍﻟﺤﻤﺽ ﺍﻟﻨﻭﻭﻱ 
ﻤﻨـﺘﺞ ﺍﻟﺘﻔﺎﻋـل ﺍﻟﺘﺴﻠـﺴﻠﻲ ﻭﺍﻟﻤﺎﻋﺯ ﻭﺍﻷﺒﻘﺎﺭ ﻭﺍﻟﺠﻤﺎل ﻜﺎﻨﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺴﺎﻟﺒﺔ ﺤﻴﺙ ﻟﻡ ﻴﺘﻡ ﻤﻨﻪ ﺍﻟﺤﺼﻭل ﻋﻠـﻰ ﺍﻟ 
   .ﺍﻟﺘﺒﻠﻤﺭﻱ
 ﺯﻭﺝ 163)ﻜﺫﻟﻙ ﺘﻡ ﺇﺠﺭﺍﺀ ﺘﺠﺭﺒﺔ ﺍﻟﺤﺴﺎﺴﻴﺔ ﺍﻟﺘﻲ ﺃﻜﺩﺕ ﺇﻨﻪ ﻴﻤﻜﻥ ﺘﻜﺒﻴﺭ ﺍﻟﻤﻨﺘﺞ ﺍﻟﺘﻔﺎﻋﻠﻲ ﺍﻟﻤﺘﺴﻠﺴل ﺍﻟﻤﺘﺒﻠﻤﺭﻱ 
  .  ﺒﺎﻴﻜﻭ ﻏﺭﺍﻡ 52.6ﻤﻥ ﺃﻗل ﺘﺭﻜﻴﺯ ﻟﻠﺤﻤﺽ ﺍﻟﻨﻭﻭﻱ ﻟﻠﺨﻠﻴﺔ ﺍﻟﻤﻘﺘﺩﺭﺓ ﻟﻠﺨﻨﺎﺯﻴﺭ ﻭﺍﻟﺒﺎﻟﻎ ﻗﺩﺭﻫﺎ ( ﻗﺎﻋﺩﻱ
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CHAPTER ONE 
 
INTRODUCTION AND GENERAL LITRATURE REVIEW 
In food industry, quality control and consumer satisfaction require 
that the origin of materials used in processed food be labeled on the 
products. Therefore in some African countries, regulatory officials 
require labeling of the product for this verification. Fresh pork is a 
protein in nature, which could be detected by immunologic assays. 
However, it is rather difficult to identify cooked, marinated or dried pork 
by immunological assays due to protein denaturing. Therefore, nucleic 
acid hybridization and sequencing have been successfully applied for 
animal species identification in human food and animal feed. 
Application of the Polymerse Chain Reaction (PCR) food analysis 
has proliferated because of the simplicity, specifity and sensitivity of this 
technique for the examination of food ingredients. These new approaches 
are alternatives to immunoglogical and DNA hybridization methods.  
Expensive food products have been adulterated since food is sold. One 
problem of deception is the false labeling of animal, plant or mushroom 
species. Species that achieve a good price on the market have been a 
target for deceivers to substitute or adulterature with similar, but cheaper 
species. In the case of meat products this may be less desirable or 
objectionable meat species for economic, religious or health reasons. But 
the consumer wants to get what he is paying for. Additionally people are 
nowadays concerned about meat in general because of disease as e.g. 
bovine spongioforme encephalitis (BSE), variant Creutzfeld Jacob 
Disease or Foot-and-Mouth Disease. The globalization of the market, 
including food production and trading, has lead to new problems the food 
control is confronted with. Food and feed can come from every corner of 
the world just following a maximization of the profit. Thirst for profit 
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and globalization were main reason for the spreading of BSE. Animal 
species from all over the world find their way in our foods.  It is well-
documented that pork consumption is prohibited in some religions. There 
fore, religious people are concerned about importing processed food, 
which may contain or has been contaminated with pork or swine – 
derived products. In Sudan, No reliable assays exist for detecting the 
presence of pork in processed food. Currently, regulatory officials rely on 
a paper trail for this verification. To address the void in scientific 
regulatory monitoring a means of a reliable, rapid, sensitive and specific 
method for detection of pork in processed food is urgently needed 
(Kairalla et al., 2005). 
Breading of pigs and consumption of pork is not uncommon in 
some Islamic countries. There fore, the development of a molecular 
diagnostic technique for identification of biomaterials from complex 
sources would be advantageous in a variety of circumstances including 
comparative genomic and investigative forensic (Khairalla et al., 2006; 
Calvo et al., 2001).  There has been a tremendous growth in quality 
product consumption and change in attitudes in this respect. Now day's 
consumers demand quality products that are well labeled. However 
fraudulent or uninintentional mislabeling still exits and may not be 
detected, resulting in a poor-quality product. Some population groups 
such as vegetarians and those of Jewish and Arabic descent, do not desire 
to eat pork. This population demands methods to detect pork in food.  
Identification of pork in products has several important applications in 
the food industry, not only to detect, falsely labeled products but also for 
economic, religious and health reasons.  There for we developed a simple 
and specific pig PCR, providing a powerful method to detect miss 
labeling or fraudulent substitution. This is one of the most sensitive 
methods described up to now.  
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Lanzilao et al., (2005) reported that species identification plays an 
important role in food allergy prevention and food substitution detection 
that can reduce the commercial value of a product. For these reasons 
many molecular methods have been developed to determine species 
origin among them, polymerase chain reaction (PCR). Based methods 
were successfully applied to a processed of unprocessed food stuffs.  
Bottero et al., (2003) the European community ban on use of meat and 
bone meal in ruminant feed, as consequence of the spread of bovine 
spongiform encephalopathy in Europe, has promoted a number of 
investigation about the possibility of detecting animal tissues in feed 
stuff.  Wang et al., (2003) developed PCR assay for detection and 
identification of bovine derived materials in important animal feeds and 
food is developed.  Hsieh et al., (1998) detection of species adulteration 
in ground meat products is important for consumer protection and food 
labeling law enforcement. 
Rajapaksha et al., (2002) reported polymerase chain reaction 
(PCR) assay to differentiate meat of ceylon spotted deer, ceylon hog deer 
ceylon samb hur , and barking dear from meat of cattle , goat, buffalo, 
pig, dog and sheep.  Quantitative estimates are important to establish 
whether pork adulteration in ground beef are pate is accidental or 
intentional. A PCR producer has been developed and evaluate to quantity 
pork in heated and no heated meat and pates as described by Calvo et al., 
(2002).  Calvo et al., (2001) also developed and evaluated a PCR 
producer to detect pork in heated and no heated meat, sausages, canned 
food, cured products and pates using a faster, more specific and more 
sensitive method than other previously described.  They concluded that 
because some fraudulat or unintentional mislabling occurs that can be un 
detected resulting in lower quality pate, and because some population 
groups for philosophical or religious reasons do not wish to eat meat 
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from certain species anew producer was developed and evaluated to 
detect pate species composition. 
Meyer et al., (1995) described polymers’ chain reaction (PCR) 
technique to detect meat species identification in marinated and heat-
treated or fermented product and to the differentiation of closely related 
species.  Calvo, et al (2002) reported that expensive food products have 
been adulterated since food is sold. One problem of deception is the false 
labeling of animal. In the case of meat products this may be less desirable 
or objectionable meat species for economic, religious or health reasons. 
But the consumer wants to get what he is paying for meat in general 
because of diseases as e.g. Bovine spongioforme encephality (BSE). The 
globalization of the market including food production and trading has 
lead to new problems the food control is confronted with. . The objective 
of the present study was to develop a rapid, sensitive and specific assay 
for detection of pork or swine-derived products in processed food using 
nucleic acids amplification technology, commonly known as Polymerase 
Chain Reaction (PCR). 
 
Detection of Swine-derived products using PCR 
Meyer et al., (1994) developed a new method for the specific, 
sensitive, and semi quantitative detection of pork (Sus scrofa) in heat-
treated meat products, by using a DNA-binding resin and 
subjected to polymerase chain reaction (PCR) analysis. The 
test detected pork in fresh or heated meat mixtures of pork in 
beef at levels below 2%. (Montiel-Sosa et al., 2000) designed 
the highly species-specific primers for pork D-loop mtDNA. 
These primers and restrictive PCR amplification conditions 
has improved a reliable and rapid method for detecting a PCR-
amplified 531 bp band from pork. It has been proved useful 
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for detecting both pork meat and fat in meat mixtures, 
including those dry-cured and heated by cooking.  
  Calvo et al., (2001) developed and evaluated a PCR 
procedure to detect pork in heated and unheated meat, 
sausages, canned food, cured products, and pates using a 
faster, more specific, and more sensitive method. Pair of 
primes were synthesized to confirm the effectiveness and 
specificity of this fragment, 55 pig blood DNA samples (from 
different breeds) were tested and positive results were 
obtained. By using this method, up to 0.005% pork in beef and 
1% pork in duck pate using 30 and 20 PCR amplification 
cycles respectively was detected. It is a very fast method, 
because 1% pork contamination can be detected with 20 PCR 
cycles. (Calvo et al., 2002) developed a PCR procedure and 
evaluated to quantify pork in heated and non heated meat and 
pates by densitometry using a specific and sensitive repetitive 
DNA element. Thirty, twenty-five, and twenty PCR cycles 
were carried out to find the best standard curve and 
correlation between pork content and band intensity. Twenty 
cycles showed the best results, quantifying degree 
contamination up to 1% pork in beef (heated and non heated) 
and pork in duck pate with a minimum error. Finally, fraud 
was found in commercial pates. (Khairalla et al., (2005) used 
the swine mitochondrial cytochrome- b (mtcyT-b) gene as a 
target DNA for PCR amplification, using a pair of primers 
(PSL and PSR4), the mtcy-b PCR resulted in amplification of 
a 525 base pair (bp) PCR product. The sensitive of this mtcy-b 
PCR was found to be 100 fg of DNA (equivalent to 1000 
copies) as determined by DNA concentration and number of 
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copies of mtcyt-bDNA, extracted from whole blood sample 
obtained from pigs. The mtcyt-b PCR assay provides a simple, 
rapid and reliable method for detection and identification of 
fresh, marinated of cooked pork in processed food for human 
consumption in addition, this PCR assay showed support 
future policies regarding import regulation for food industry. 
(Bottero. et al., 1998) reported that the effectiveness of 
detection of beef and pig meat, which was been subjected to 
severe heat treatment in foods including dried skim milk, 
homogenized in fact food and canned meat.  DNA analyses 
were used to confirm that this technique is suitable for 
reliable identification and labeling of food components.  
Meyer et al., (1995) reported that the polymerase chain 
reaction (PCR) technique was applied to meat species 
identification in marinated and heat-treated or fermented 
products and to the differentiation of closely related species. 
DNA was isolated from meat samples by using a DNA-binding 
resin and was subjected to PCR analysis. Primers used were 
complementary to conserved areas of the vertebrate 
mitochondrial cytochrome b (cytb) gene and yielded a 359 
base-pair (bp) fragment. Analysis of sausages indicates the 
applicability of this approach to food products containing 
meat from 3 different species. The PCR-RFLP analytical 
method detected pork in heated meat mixtures with beef at 
levels below 1%, and the method was confirmed with porcine- 
and bovine-specific PCR assays by amplifying fragments of 
their growth hormone genes.(Sun and Lin 2003) applied a 
method of fluorescent Polymerase Chain Reaction-restriction 
fragment length polymorphism (PCR-RFLP) as an analytical 
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and quantitative tool for meat identification, an 
oligonucleotides primer pair was designed to amplify the 
partial sequences within the 12S ribosomal RNA (12S rRNA) 
gene of mitochondrial DNA from porcine, caprine, and bovine 
meats. Using fluorescence sensor capillary electrophoresis, 
the species-specific DNA fingerprints of pork, goat, and beef 
were generated by restriction enzyme digestion following a 
fluorescence-labeling PCR amplification. Species 
identification was conducted on the meat mixtures. The 
reliably semi quantitative levels were below 1% for binary 
mixtures of pork, goat, and beef. Cooking and autoclaving of 
meats did not influence the generation of the PCR-RFLP 
profiles or the analytical accuracy.(Rajapaksha et al., 2002) 
developed a polymerase chain reaction (PCR) assay to 
differentiate meat of some species of Deer from meat of 
cattle, goat, buffalo, pig, dog and sheep. A set of primers was 
designed according to the sequence of the mitochondrial 
cytochrome b gene of C. elaphus canadensis using PCR 
amplification about 450 bp bands was observed for all four 
animal species. A band of 649 bp sizes was observed for all 
animal species when DNA was amplified with the universal 
primers and that indicated the presence of mitochondrial DNA 
in the samples. Further, the results indicated that this 
technique was sensitive enough to differentiate rotten meat, at 
least 5 days after the killing of an animal. 
Calvo  et al., (2001) used the RAPD method to generate 
fingerprint patterns for pork, chicken, duck, turkey, and goose 
meats. Ten DNA samples from pork, chicken, turkey and duck 
meats were tested to confirm the effectiveness and specificity. 
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Specific results for each species were obtained by the RAPD 
method sensitivity of the method was studied by DNA dilution 
in each species detecting as little as 250 pg of 
DNA.(Dalmasso et al., 2004)  used the species of ruminant, 
poultry, fish and pork. Primers were designed in different 
regions of mitochondrial DNA (125 + RNA, TRNA val and 
165 rRNA). The primers generated specific fragments of 104-
106, 183, 220 – 230 and 290 bp lengths for ruminants, poultry 
fish and pork, respectively. The detection limit was 0.004% 
for fish primers and 0.002% for ruminants, poultry and pork 
primers.(IIhak et al., 2003) identified cattle, sheep, goat and 
wild pig meats by using Random Amplified polymorphic DNA 
(RAPD) techniques, with a 10 base primer (CGCCCTGGTC) 
to determine meat of cattle, sheep, goat and pig origin in 
turkeys.(Rodriguez et al 2004) were designed common primer 
on a conserved DNA sequence in the mitochondrial 125 
ribosomal RNA gene (rRNA) and reverse primers were 
designed to hybridize on species – specific DNA sequences of 
each species considered. The allowed clear species 
identification analysis of experimental meat mixture 
demonstrated that the detection limit of the easy was 1% 
(wt/wt) for each species analyzed. (Obrovska et al., 2002)  
extracted the DNA from the respective meat species and 
subjected to the PCR analysis using 
 a mixture of seven primers together in the appropriate ratios 
and identified using one PCR reaction. The design of the 
forward primer was based on the known DNA sequences of the 
cytochrome b mitochondrial gene; the reverse primers were 
designed based on species-specific sequence depending on the 
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meat species. The resulting fragments at the 157, 227, 274, 
331, 398, and 439 bp levels corresponded to goat meat – 
chicken, beef, multon pork and respective species of both heat 
– processed and non-heat processed meat.  
 Lanzilao et al (2005) developed an updated PCR RFLP 
(restriction fragment length polymorphism) method of the 
cyTb gene for the identification of the 4 species of main 
interest in the dairy industry Bos, ovis, capra, Bubalus). The 
comparative analysis of the 92 cyTb sequences available in 
the database belonging to the 4 species allowed identification 
of 2 highly conserved regions, which were used to design 2 
oligonucleotides for the PCR amplification of a 275 base pair 
(bp) cyTb fragment. (Bottero et al., 2003)  studied on 
vertebrate primers, designed in the 165 rRNA gene of 
mitochondrial DNA. These primers were able to amplify 
fragments that contained between 234 and 265 bp. The 
fragments were specific for bovine, porcine, goat, sheep, 
horse, rabbit, and chicken trout. The primers were used in a 
PCR assay applied to fire samples of meat and blood meals of 
different species and subjected to severe rendering treatments 
(134,4 to 141,9 degree C and 3,03 to 4,03 bar for 24 min). The 
assay proved to be rapid and sensitive (detection limit 
0.0625%) it can be used as a routine method to detect animal- 
derived ingredients in feedstuff. (Krcmar and Rencova 2003) 
tested the specificity of the primers for PCR using samples of 
DNA of other vertebrate. The method allows the detection in 
concentrate mixtures of 0.01% of the Target species derived 
material. The identity of a sample containing 0.1% of bovine, 
ovine, swine, and chicken meat- and – bone meal has further 
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been confirmed by sequencing. (Rodrigues 2003)  used 
qualitative PCR for detection of chicken and pork adulteration 
in goose and mule duck. The design of species – specific 
forward primers together with a reverse universal primer, 
allowed the generation of amplicons of different lengths in 
each species. The different sizes of the species specific 
amplicons, separated by agarose gel electrophoresis – allowed 
clear identification of the presence chicken and pork in goose 
and mule duck foie gras with a detection limit of 0.2% (w/w). 
The technique could be used in inspection programmed to 
enforce babbling regulation of foie gras and other meat 
products. (Wang-chong et al., 2000) used Diluted of whole 
pig blood, directly analyzed by the agarose gels by ethidium 
bromide staining. The results show that the band using 2% 
whole blood is rather weak, 8% blood inhibited the PC; 4 or 
6% whole blood was best. The PCR products were digested 
with the enzyme Hha. The bands were distinct and bright. 
(Calvo et al., 2002) used a specific and sensitive method to 
confirm the effectiveness and specificity of beef- and bovine- 
derived materials using PCR amplification to detect the degree 
of contamination up to 0.01% raw beef in pork. Further more 
feed components intended for cattle nutrition can be checked. 
(Partis et al., 2000) Found that the technique was used to 
generate DNA fingerprints for 22 animals’ species by 
amplifying a 359- bp region within the cytochrome b 
mitochondrial gene. Pig was preferentially amplified and 
dominated over the other species tested. 
 Biase et al.,  (2002) obtained high molecular weight DNA 
of good quality, shown by agarose gel and amplification of 
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two DNA fragments. 605 and 891bp, by PCR spectrophometric 
analysis of DNA concentration showed variation among the 
DNA from different tissues. (Mercier et al., 1990) proved 
PCR method to work not only on fresh blood sample but also 
frozen blood samples stored several months at – 20C°. Up to 
900 bp from frozen whole blood samples were successfully 
amplified fragment. Aliquots of amplified fragment from PCR 
Performed either on purified DNA or blood were analyzed 
directly on agarose gels by ethidium bromide. No different 
was noticed between purified and blood samples for all the 
different amplified sequences tested. (Chen and Hsich 2000) 
reported that an enzyme- Linked immunosorbent assay (Elisa) 
using a monoclonal antibody to a porcine thermal. Stable 
muscle protein was developed for detection of pork in cooked 
meat products. The detection limit was determined as 0.5% 
(w/w) pork in heterogonous meat mixtures. (Meryer 1996) 
found that the presence of Soya deoxyribonucleic acid (DNA) 
from several Soya protein concentrations was determined with 
two pairs of specific oligonucleotides yielding a 414 bp (bp= 
base pair) fragment and an internal 118-bp fragment amplified 
from the Soya lection le T gene. The test detected DNA from 
textured Soya protein concentrates in meat products at level or 
1% and was confirmed by a commercially available enzyme – 
linked immunosorbent   assay (ELISA). (Zehner et al., 1998) 
said that to identify common animal species by analysis of the 
cytochrome B gene (981 bp out of 1140 bp) in humans. 
Selected mammals and birds using the same specifically 
designed primers species-specific RFLP patterns are generator 
by co-restriction endo nuclease ALU1 and Nco 1.The RFLP 
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patterns obtained are conclusive even in mixtures of two or 
more species, the method was applied to forensic stomach 
contents and bone sample was successfully identified.  
(Wolf et al., 1999) found that the basis of amplification 
of specific part of the mitochondrial genome (IRNA GLU)/ 
(Cytochrome b) using the PCR to obtained 464- bp. Long PCR 
products were cut with different restriction endonuclease (RE) 
resulting in species – specific restriction fragment length 
polymorphism (RFLP). (Chen et al., 2005)   established a 
sensitive PCR method based on amplification of a specific 
DNA fragment for the identification of camel (Camelus) 
materials. The specie- specific primers pair L1 & 3/H372 was 
designed based on the nucleotide sequence of the 
mitochondrial cytochrome b gene. An expected 208 base pair 
fragment was amplified from camel material. (Nemth et al., 
2004) used an optimized DNA extraction protocol for Animal 
tissue coupled with sensitive PCR methods to determine 
whether trace level of feed- derived DNA Fragments, Plant 
and /or transgenic are detectable in animal tissue sample 
including dairy milk and sample of muscle (meat) from 
chickens, swine and beef steers. Assay were developed to 
detect DNA fragments of both the high copy number 
chloroplast- encoded maize rubisco gene (r bcl) and single 
copy nuclear-encoded transgenic elements (P 355 and amon 
810- specific gene fragment). (Yancy et al., 2005) developed 
a rapid PCR based analytical method for detection of animal 
derived- materials in complete feed using a commercially 
available DNA forensic Kit for the extraction of DNA from 
animal feed. A sensitive method was developed to detect as 
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little as 0.3% bovine meat and bone meal in complete feed in 
less than 8 hours of total assay time. (Cespedes et al., 1999) 
used PCR amplification of the nuclear 5s rRNA gene for the 
identification of Sole and Green land halibut by simple 
agarose gel electrophoresis. Two distinguishable band patterns 
for both species were appeared. (Kocher et al., 1989)  To 
amplify homologous segments of m TDNA from more than 
100 animals species. Were using unpurified mTDNA from 
nano gram samples of fresh specimens and micro gram 
amounts of tissues preserved for months in alcohol or decades 
in the dry state.  (Sullivan  et al., 1992) extracted degraded 
DNA from bone fragment and a necrotic skin sample and 
amplified at 2 hyper variable segments within the 
mitochondrial non- coding region using 2 rounds of nested 
PCR. (Skarpeid, 1998)  reported that based on intensity 
profiles from isoelectric focusing or water – soluble proteins 
in mixtures or ground meat samples contains various amounts 
of beef, Pork and turkey meat were analyzed by isoelectric 
focusing in immobilized PH. gradients resulting gel profiles 
were analyzed by multivariate regression allowing the 
determination of sample composition errors close to 10 
%.(Hsieh 1998) Said that detection of species adulteration in 
ground meat products is important for consumer and were 
used in an enzyme- linked immunosorbent assay (ELISA) for 
rapid detection of any cooked mammalian meats in cooked 
poultry products. Soluble muscle proteins extracted from 
cooked pork (heated at 100 degree C for 15 min.) were used as 
the antigen to immunized mice for developing the MAb. 
Random amplified polymorphic DNA polymerase chain 
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(RAPD PCR) fingerprints in foresic species identification. 
Random amplified polymorphic DNA polymerase chain 
(RAPD PCR) fingerprints in foresic species identification. 
(Wilson et al., 1995) developed techniques for extracting 
amplifying and directly sequencing mitochondrial DNA (mT 
DNA) from human hair shafts. DNA was extracted with 
organic solvent and purified by titration. The mTDNA 
sequence from the hair shaft match the m TDNA sequence 
from blood samples taken from the same donor. (Gao 2004) 
reported that the amplified canis species PCR product was a 
213 bp band from the D – loop DNA fragment of 
mitochondria, a high copy gene that should improve the 
possibility of amplifying. The specificity of this method was 
confirmed by 8 canis blood DNA samples (Jennings 2003) 
used highly sensitive, pork loin samples to analyze the 
presence of fragments of transgenic and endogenous plant 
DNA and transgenic protein from animal fed meal prepared 
from conventional or glyphosate. Tolerant Roundup ready 
(RR) soybeans. 
 Total DNA was extracted from the samples and analyzed 
by PCR followed by southern blot hybridization for the 
presence of a 272 b p fragment of the CP4 epsps-coding 
region. (Lahiffs et al., 2002) detected the bovine DNA 
extracted from meat and bone meal (mBm) samples. PCR 
primers were used to amplify a 271 bp region of the 
mitochondrial ATP are 8. ATPase 6 gene- DNA extracted from 
blood and with PCR products generated from genomic DNA 
extracted from single – species laboratory scale rendered mBm 
samples.  
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Bottero et al., (2003)   studied on vertebrate primers, 
designed in the 165 rRNA gene of mitochondrial DNA. These 
primers were able to amplify fragments that contained 
between 234 and 265 bp. The fragments were specific for 
bovine, porcine, goat, sheep, horse, rabbit, and chicken trout. 
The primers were used in a PCR assay applied to fire samples 
of meat and blood meals of different species and subjected to 
severe rendering treatments (134,4 to 141,9 degree C and 3,03 
to 4,03 bar for 24 min). The assay proved to be rapid and 
sensitive (detection limit 0.0625%) it can be used as a routine 
method to detect animal- derived ingredients in feedstuff. 
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CHAPTER TWO 
MATERIALS AND METHODS 
1. Materials.  
1.1 Blood samples.  
Thirty eight blood samples were collected from ear-veins from 
both male and female pigs of different ages in heprinated vauctainer. The 
pigs were located in two different farms in Western Omdurman Area and 
Nile East, Khartoum, Sudan.  
2. Methods.  
2.1. DNA Extraction.  
2.1.1. Phenol method.  
We added  1.5 ml epindorf of tube: - 8.7 ml of (3ml) Na. acetate 
(PH 5.0) and then 50µl 10% sodium dodicyl sulphate (S.D.S) and 2.5 ml 
of proteinase K (20 mg/ml). 500 µl of blood or tissue was added and 
mixed or vortex gently, and take it incubated over ice for 5 min. Then 
incubated at 37 ْ C for 10 min and mixed or vortex gently, and take it 
incubated at 60 C ْfor 3-4 min, and mixed vortex gently. 
Extracted with 560 µl of Na. acetate phenol (0.1ml) Na. acetate 
(PH-S-O) buffered phenol). And mixed or vortexing gently, and placed 
on 60 C ْ for 2-3 min, and centrifuged on the micro centrifuge (12000 
rpm). For approximately 2 min, and collected the supernatant from each 
tube and extracted with 560µ l of tris phenol (0.1 m) tris ((PH 8.0)) 
buffered phenol), and mixed or vortex gently, and centrifuged on the 
micro centrifuge (12000 rpm) for approximately 2 min. The supernatant 
was collected from each tube, and 1 ml of cold Ethanol, and mixed or 
vortexed gently, and centrifuged on the micro centrifuge Al maximum 
rpm for 15 min, and pipette off the Ethanol, and place d tube in 70°ْC for 
at least 30 min, and mixed or vortexed gently and stored in freezer till 
used. 
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2.1.2. Kit’s methods.  
 The extraction procedure was basically as described by Kairalla et 
al., (2005).  Whole blood was used for extraction of mitochondrial 
cytochrome b (mtcy-6) DNA using a commercially available. Qiamp 
blood Kit (QIAGEN Inc. chatsuorth, CA, USA) according to the 
manufactures instructions.  Briefly, 200ml of whole blood, 20µl of 
protenase K stock solution and 200 ml of lysing buffer were pipetted into 
1.5 ml epindorf tube and the mixture was incubated at 37C ْ for 30 min 
and then at 70C ْfor 10 min.  Two hundred micro liter of absolute ethanol 
was added to the sample and the mixture was mixed by vortexing placed 
in a clean 2ml collection tube and centrifuged at 8000 rpm for I min. The 
QIASPIN column was washed twice using 500 ml of washing buffers 
and spin for I min. The Qiamp spin column was then placed in a clean 
1.5 ml epindorf tube and the DNA was eluted with 200µL double 
distilled water preheated at 70Cmْaximum DNA yield was obtained by 
spinning at 12000 rpm for I min. Five micro liters of the suspended 
Nucleic acid was used as a target DNA in the PCR amplification.  
2.1.3. Primers selection. 
 For the amplification step, a pair of primers was selected from the 
published sequences of the swine mtcyt-b gene and used in the PCR assay 
[Randi et al, 1996].  PSL3 included bases 228-251 of the positive sense 
strand (5)-ATG AGT TAT TCG CTA TCT ACA TGC.   PSR4 included 
bases 566-588 of the complementary strand (5)-ATG TAC GGC TGC 
GAG GGC GGT AA. The primers would be expected to produce a 361 p 
PCR product. The primers were synthesized on a DNA synthesizer 
(Milligan/ Biosearch, a division of Millipore Burlington, MA) and purified 
using oligo-pak oligonucleotide purification columns (Glen Research 
Corporation, Sterling, VA.) as per manufacturer's instructions.  The pair of 
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primers was used at a concentration of 20 picograms per microliter (20 
pg/µl). 
2.1.4. Polymerase chain reactions:  
2.1.4.1. PCR Amplification 
A stock buffered solution containing 250µL nucleotide dATP, 
DTTP, dGTP and dCTP was prepared in 1.5 ml epindorf tube. The 
primers were used at a concentration of 20 umole L-1 and double distilled 
(dd) was added to bring the volume of the stock buffer solution to 1.5 ml. 
Two micro liter of the primers, 5.0 µ L of the target DNA and 42 µL of 
the stock solution were added into 0.5 ml, PCR tubes and mixed by 
vortexing 1.0µL of tag DNA polymerase (perkin elmer) at a 
concentration of 5.0 units was used. All PCR amplification reactions 
were carried out in a final volume of 50µL. The thermal cycling profiles 
were as follow: at 95C,ْ followed by 40 cycles of 94 C ْfor I min, 57 C ْfor 
30 sec and 72 C ْ for 45 sec and a final incubation at 72 C ْ for 10 min. 
thermal profiles were performed on a techne PHC-2 thermal cycler 
(techne, Princeton, NJ) following amplification. 
 
2.1.5. Visualization of the PCR product. 
15 micro liters from each PCR reaction containing amplified product 
were loaded on to gels of 1.0% seakem agarose (FMC Bioproduct, 
Rockland ME) and electrophoresed.  TBE buffer was prepared as follows 
(Igm agarose gel + 100 ml (Tris Burate EDTA (T.B.E) (Ethylene 
Diamine tetracetic acid (E.D.T.A).  The gels were stained with ethidium 
bromide specific PCR products were easily identified following 
visualization under ultra violet (U.V) light. 
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Figure 2-1.Microcentrifuge 
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Figure 2-2. Tips, Micropeppets, eppendorf 
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Figure 2-3.Transluminator (Ultraviolet source) 
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Figure .2.4.Water bath, Vortex machine and bench centrifuge 
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Figure. 2.5. Electrophoretic Apparatus and Mini Gel. 
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Figure. 2.6. Techne PHC-2 thermal cycler (techne, Princeton, NJ) 
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CHAPTER THREE 
RESULTS 
3.1. Specifity. 
The results of this study indicated that the specificity of the polymerase 
chain reaction for specific identification of swine mTcyT-b DNA. The 
361 -pb amplification product was detected from 1pg of mTcyT-b DNA 
extract from swine blood but not from blood of species including cattle -
sheep- goat- camel.mTcyT-b DNA. Fig (1) 
3.2. Sensitivity.  
The results of this study also indicated that the PCR based assay affords 
sensitive detection of swine DNA blood samples used in this study. The 
swine specific 361 bp PCR products was detected from 100 pg 
(equielvent to 100 copies).of mtcyt-b DNA extracted from swine blood 
and then was visualized on gel staind with ethedim promide  Fig.(2) 
3.3. Amplification on samples. 
  Amplification of the PCR assay for the detection of the swine–
specific 361 bp PCR product and then applied to different samples 
collected from variety of pig farms.  
4.3.1. Form Id-Babiker church farm, blood samples were collected, and 
resulted positive to the PCR amplification Fig (3 & 4). 
4.3.2 Amplification of the PCR assay for the detection of the swine – 
specific 361 bp PCR product from west Omdurman church farm blood 
samples were collected and resultd positive to the PCR assay Fig. (5 & 
6).  
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Figure. 3.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Specificity studies showing the specific 361 bp PCR product from DNA extracted from swine blood sample only but not 
from other animal species.   MW: molecular weight marker lane1: 1.kb DNA ladder; Lane 1:  pig mTcyT-b DNA; lane 2-
5: DNA extracted from Cattle, sheep, goat and camel, respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
MW             1               2              3                4                 5 
500 bp 
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Figure. 3.2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
lane mw: molecular weigh marker (1Kb ladder),lane 1-5 100, 50, 25, 12.5, 6.25 pg or big mTcyT-b DNA, 
respectively; Lane 6: negative control. 
 
 
 
 
 
 
 
 
 
 
500 bp  
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Figure3-3 
 
 
 
Lane mw: molecular weight marke (100 bp ladder) Lane 1-5 positive sample collected from blood of different pigs. Lane 6: 
Negative control 
 
 
 
 
 
 
      MW          1             2               3            4              5           6        
500 bp 
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Figure 3-4 
 
 
 
 
 
 
 
 
 
Lane mw: molecular weight marker ( 100 bpDNA ladder); Lane1- Positive control; Lane 2-7 
blood sample collected from different pigs 
 
 
MW        1             2         3              4            5              6               7 
500 bp 
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Figure 3-5 
 
 
 
 
Lane mw: molecular weight marker (100 bp DNA ladder); Lane 1: swine mTcyT- b DNA( positive control); Lane 2: 2-5 
positive sample collected from different pigs; Lane 6: negative control. 
 
 
   MW    1     2      3      4    5    6  
500 bp 
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Figure 3-6 
 
 
Lane mw: molecular weight marker( 100 bp DNA  ladder); Lane 1:  swine mTcyT- b DNA( positive control). Lane 2: 2-5 
position sample collected from different pigs; Lane 6: negative control. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
MW    1        2          3         4         5          6            
500 bp 
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CHAPTER FOUR 
DISCUSSION 
Application of the polymerase chain reaction (PCR) and its adaptation for 
food analysis have proliferated because of the simplicity, specifity and 
sensitivity of this technique for the examination of food ingredients. 
These new approaches are alternatives to immunoglogical and DNA 
hybridization methods.  Expensive food products have been adulterated 
since food is sold. One problem of deception is the false labeling of 
animal, plant or mushroom species. Species that achieve a good price on 
the market have been a target for deceivers to substitute or adulterature 
with similar, but cheaper species. In the case of meat products this may 
be less desirable or objectionable meat species for economic, religious or 
health reasons. But the consumer wants to get what he is paying for.  
Additionally people are nowadays concerned a bout meat in general 
because of diseases such as e.g bovine spongioforme encephalitis (BSE), 
variant Creutzfeld Jacob Disease or Foot-and-Mouth Disease. The 
globalization of the market, including food production and trading, has 
lead to new problems the food control is confronted with. Food and feed 
can come from every corner of the world just following a maximization 
of the profit. Thirst for profit and globalization were main reason for the 
spreading of BSE. Animal species from all over the world find their way 
in our foods.  It is well-documented that pork consumption is prohibited 
in some religions. There fore, religious people are concerned about 
importing processed food, which may contain or has been contaminated 
with pork or swine – derived products. In Sudan, No reliable assays exist 
for detecting the presence of pork in processed food. Currently, 
regulatory officials rely on a paper trail for this verification. To address 
the void in scientific regulatory monitoring a means of a reliable, rapid, 
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sensitive and specific method for detection of pork in processed food is 
urgently needed (Kairalla et al., 2005). 
Breading of pigs and consumption of pork is not uncommon in some 
Islamic countries. There fore, the development of a molecular diagnostic 
technique for identification of biomaterials from complex sources would 
be advantageous in a variety of circumstances including comparative 
genomic and investigative forensic (Khairalla et al., 2006; Calvo et al., 
2001).  There has been a tremendous growth in quality product 
consumption and change in attitudes in this respect. Now days consumers 
demand quality products that are well labeled. However fraudulent or 
uninintentional mislabeling still exits and may not be detected, resulting 
in a poor-quality product. Some population groups such as vegetarians 
and those of Jewish and Arabic descent, do not desire to eat pork. This 
population demands methods to detect pork in food.  Identification of 
pork in products has several important applications in the food industry, 
not only to detect, falsely labeled products but also for economic, 
religious and health reasons.  There for we developed a simple and 
specific pig PCR, providing a powerful method to detect miss labeling or 
fraudulent substitution. This is one of the most sensitive methods 
described up to now.  
Calvo et al., (2001) developed and evaluated a PCR procedure to detect 
pork in heated and unheated meat, sausages, canned food, cured products, 
and pates using a faster, more specific, and more sensitive method. A pair 
of primers was synthesized to confirm the effectiveness and specificity of 
this fragment, 55 pig blood DNA samples (from different breeds) were 
tested and positive results were obtained. By using this method, up to 
0.005% pork in beef and 1% pork in duck pate using 30 and 20 PCR 
amplification cycles respectively was detected. It is a very fast method, 
because 1% pork contamination can be detected with 20 PCR cycles. 
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(Calvo et al., 2002) developed a PCR procedure and evaluated to 
quantify pork in heated and non heated meat and pates by densitometry 
using a specific and sensitive repetitive DNA element. Thirty, twenty-
five, and twenty PCR cycles were carried out to find the best standard 
curve and correlation between pork content and band intensity. Twenty 
cycles showed the best results, quantifying degree contamination up to 
1% pork in beef (heated and non heated) and pork in duck pate with a 
minimum error. Finally, fraud was found in commercial pates. 
(Khairalla et al., (2005) used the swine mitochondrial cytochrome- b 
(mtcyT-b) gene as a target DNA for PCR amplification, using a pair of 
primers (PSL and PSR4), the mtcy-b PCR resulted in amplification of a 
525 base pair (bp) PCR product. The sensitive of this mtcy-b PCR was 
found to be 100 fg of DNA (equivalent to 1000 copies) as determined by 
DNA concentration and number of copies of mtcyt-bDNA, extracted 
from whole blood sample obtained from pigs. The mtcyt-b PCR assay 
provides a simple, rapid and reliable method for detection and 
identification of fresh, marinated of cooked pork in processed food for 
human consumption in addition, this PCR assay showed support future 
policies regarding import regulation for food industry. (Bottero et al., 
1998) reported that the effectiveness of detection of beef and pig meat, 
which was been subjected to severe heat treatment in foods including 
dried skim milk, homogenized in fact food and canned meat.  DNA 
analyses were used to confirm that this technique is suitable for reliable 
identification and labeling of food components.   
  The swine-specific 361-bp PCR products, visualized on ethidium 
bromide-stained agarose gel, were obtained from all samples containing 
pig derived products.  The laboratory sensitivity studies indicated that the 
nested PCR protocol was capable of detecting the amount of 0.001 fg of 
bovine or swine mtcyt-b DNA.  The total molecular weight of 
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mitochondrial genome has been calculated to be 11.44 x 106 Daltons, 
and 0.001 fg of DNA corresponds to a single copy  of mtcyt-b gene.  
  The 361 bp swine-specific PCR products were not amplified from 
a relatively high concentration of 1.0 ng of mtcyt-b DNA extracted from 
whole blood of other animal species including sheep, goat, cattle, camels, 
horses, chickens and fishes under the same stringency condition 
described in this study. Temperature and time for denaturation, primer 
annealing and extension, and number of cycles of the three temperatures 
per time segments were very important for maintaining laboratory 
sensitivity and specificity of the described multiplex PCR assay.  The 
time required for the primary amplification is two hours.  Therefore, the 
PCR assay could be performed with in the same working day thus 
contributing towards the rapidity of the technique.  Excellent correlation 
of results from the first amplification and the nested PCR was obtained 
using the mtcyt-b as a target DNA.   Ethidium bromide-staining of the 
gels is a simple procedure and requires only 1 hour after amplification.  
Processing and preparation of blood samples was a simple procedure 
involving washing of the blood to remove heparin and porphyrins from 
the blood which are inhibitory to the PCR amplification (Panaccio, 
1991). 
It is well documented that hybridization assays or sequencing methods 
are necessary for confirmation of the identity of the PCR product.  
Another approach that could also be employed is the analysis of PCR 
fragment with endonuclease to detect restriction fragment length 
polymorphisms (RFLPs) to differentiate between DNA of different 
animal species instead of sequencing the common fragment (Meyer et al, 
1995).  The primer selection procedure also allowed nested 
amplifications of the bovine and swine first PCR products at the same 
annealing temperature.  The nested amplification could be applied to 
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confirm the identity of the primary PCR products and to increase the 
sensitivity of the PCR-based detection assay.  Therefore, the nested 
described in previous studies has the advantage of avoiding the time 
consuming and cumbersome laboratory procedures currently used for 
confirmation of the specificity of the PCR product.  Several workers used 
hybridization techniques, DNA sequencing method or restriction 
endonuclease enzymes to demonstrate RFLps for confirmation of the 
identity of the PCR product.  However, these methods are detious 
laborious and time consuming.  The rapidity, sensitivity and specificity of 
these nested and multiplex PCR assay would greatly facilitate detection 
of ruminant whole boold which are usually used as ruminant-derived 
products in animal feed concentrates. 
  It is worth mentioning that animal protein derived from ruminant 
products or mink tissues is not generally recognized by regulatory 
agencies as safe for use in ruminant feed.  This will either ban or severely 
restrict the feeding of ruminant proteins back to ruminants.  Negative and 
positive controls should be included in each PCR assay to estimate the 
lower limit of specificity and the higher limit of sensitivity.  In this study, 
of the different animal species, we validated the detection of mtcyt-b 
DNA from whole blood of pigs by the PCR-based assays.  
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Recommendations 
• Application of this PCR assays to detect and identify swine-
derived products or contaminants in commercial animal feed concentrates 
or ingredients should be used as a routine laboratory diagnostic procedure 
to verify detection of swine products.  
• Further studies should be directed to evaluate the potential of 
PCR as sensitive and specific diagnostic assays to support future policy 
decision based upon import/export regulations to the animal feed industry 
and / or provide verification of the ruminant protein status of specified 
feeds or feed ingredients. 
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